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TheGreenRevolution:InducementandDistribution
YUJIRO HAy AMI and VERNON W RUTTAN*
The developmentanddiffusionof modernvarietiesof riceandwheatin
Asiawereinducedby changingresourceendowments.Moreproductivebiological
andchemicaltechnologiescapableof offsettingtheeffectsof populationgrowth
are a necessaryconditionfor simultaneousachievementof growthandequity.
The newincomestreamsgeneratedby technicalchangehavebecomea powerful
sourceof demandfor institutionalchange.But rapidgrowthin ruralincomesis
alsodependentongrowthof demandfor labourin thenon-agriculturalsectors.
The introductionof modernbiologicalandchemicaltechnologyintoAsian
agriculturehasbeencriticisedanddefendedfromavarietyof scientific,populistand
ideologicalviewpoints.In thispaperweattempto throwsomelighton thehis-
toricalforcesthathavegivenriseto thenew'seed-fertilizer'or 'greenrevolution'
technology.Wealsoattempto assesstheempiricalevidencethathasbecome
availableoverthelastseveraldecadesonthegreenrevolutioncontroversies.
AN INDUCEDTECHNICALCHANGEPERSPECTIVE
Overthelasttwodecadesadvancesin economictheoryandtheaccumulation
of empiricalevidencehavetendedtoconfumthattherateanddirectionof technical
changecan be interpretedas largelyendogenousto the economicsystem- as
inducedby differencesor changesin theconditionsof factorsupplyandproduct
demand.l Attemptsto developa theoryof agriculturaldevelopmentin which
changesin agriculturaltechnologycanbetreatedasendogenousto thedevelopment
processtartwitharecognitionthattherearemultiplepathsofchangeinagricultural
technologyavailabletoasociety.
*y ujiro, Hayamiis Professorin theDepartmentof Economics,Tokyo MetropolitanUni-
versity. VernonW. Ruttan is Professorin theDepartmentof Agriculturaland AppliedEco-
nomicsand in the Departmentof Economics,Universityof Minnesota. The paperdrawson
materialfrom their forthcomingbook, Agricultural Development:A Global Perspective,
(Baltimore:TheJohnsHopkinsUniversityPress),in press.
lFor areviewof thisliterature,seeBinswanger,Ruttanetal. [9,pp.13-43 & 91-127].
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Thismeansthattheconstraintsimposedon agriculturaldevelopmentby an
inelasticsupplyof landmaybeoffsetby advancesin biological(orbiologicaland
chemical)technology.Theconstraintsimposedbyaninelasticsupplyof labourmay
beoffsetby advancesin mechanicaltechnology.Theabilityofacountrytoachieve
rapidgrowthin agriculturalproductivityandoutputdependsimportantlyon its
abilityto makean efficientchoiceamongalternativepathsof technicalchange.
Failuretochooseapathwhicheffectivelyoosenstheconstraintsongrowthimposed
byresourcendowmentscandepressthewholeprocessofagriculturalndeconomic
development.Theabilityto maketheefficientechnologychoicedependscritically
on investmentsin humancapitalneededfor developmentandadaptationof new
technologiesand,also,on effortsto transforminstitutionsif thefull productive
potentialof thenewtechnologiesistoberealized.
Technicalchangeis not, of course,whollyinducedby economicforces.In
additionto theeffectsof resourcendowmentsandgrowthin demand,technical
changereflectstheimpactof theautonomousadvanceof scienceandtechnology.
Progressin generalsciencewhichlowersthe'cost'of technicalndinstitutionalinno-
vationsmayhaveinfluenceson technicalchangethatareunrelatedto changesin
factorproportionsandproductdemand.Butevenin thesecases,therateof adop-
tionandtheimpactonproductivityof autonomousor exogenouschangesin tech-
nologywill bestronglyinfluencedby theconditionsofresourcesupplyandproduct
demand,astheseforcesarereflectedin factorandproductmarkets.
Thenewtropicalgrainproductiontechnologycanbeviewedasaresultofagri-
culturaltechnologytransferbetweendifferentecologicalzonesthroughthetransfer
of materialinputs,thetransferof scientificknowledgeandthedevelopmentof local
agriculturalresearchcapacity.Thisprocesshasalsoinvolvedinstitutionalinnova-
tionsdesignedto promotethetransferof thecapacitytoinvent,disseminateanduse
the new biologicaltechnology.In this section,we elaborateon the induced
innovationmodelto illustratetheroleof economicforcesin inducinginternational
andnationalagenciesto changedevelopmentpoliciesandtoinitiatetheinstitutional
innovationsthathaveledto thecreationof anewpotentialfor grainproductionin
thetropics.2
Themodernhigh-yieldingvarieties(MVs)of ricerecentlydevelopedin tropical
Asia,similarto the'proto-typehigh-yieldingvarieties'in Japan,aredistinguishedby
highfertilizerresponsiveness.Theirfertilizer-responsivecapacityis fully realized
onlywhentheyareaccompaniedbybetterhusbandrypractices(e.g.weedandinsect
control)andby adequatewatercontrol.Traditionalvarietieshadlongsurvivedwith
little fertilizationunderunfavourableenvironmentalconditions,includinga pre-
cariouswatersupplyandrampantweeds.Undersuchconditionsthetraditional
varietiesrepresentedanoptimumtechnology.3
ThefertilizeresponsecurvesforthetraditionalvarietiesandtheMVsaretypi-
callydrawnasUoandUI' respectively,in Figure1a.Weassumea 'metaproduction
function'(U) whichis theenvelopeofmanysuchresponsecurves,eachrepresenting
avarietycharacterizedbyadifferentdegreeof fertilizeresponsiveness;aoandmo'
a andm . andUAC andUMCin Figure1b aretheaverageandmarginalproductI I .
curvescorresponding,respectively,to uo' UI' andU, Uorepresentsanoptimum
(profit-maximizing)varietyfor thefertilizer-ricepriceratio,Po;andUI representsan
optimumforPl' However,evenif thefertilizer-ricepriceratiodeclinesfromPotoPI,
individualfarmersconnotmovefromA (or D) to B (orE),andwillbetrappedatC
(or F) unlessUI becomesavailable.C representsanequilibriumforaresponsecurve
(uo)thatis actuallyavailablefor farmers,butadisequilibriumin termsofpotential
alternativesdescribedbythemetaproductionfunction(UI)' It ishypothesizedthat
thedevelopmentof anewvariety(UI) isundertakenwhenthebenefitofadjustment
fromC (or F) to B (or E) exceedsthecostof developmentof UI' Thisisanover-
simplifiedpicture.Thelocationandshapeof thefertilizeresponsecurvedependson
theconditionsof watercontrolandhusbandrypractices.If watersupplyandcontrol
areinadequate,theMVswouldfail to showthefertilizer-responsivecharacter.On
theotherhand,it isquitepossiblethatin thepaddyfieldshavingoodirrigationand
drainagefacilitiestheMVsproducehigheryieldsthanthetraditionalvarieties,even
at thezerolevelofartificialfertili~ation.In suchfields,significantamountsofplant
nutrientsaresuppliedfromtheefficientdecompositionof organicmaterialsand
fromnutrientscarriedin by irrigationwater. Yieldresponseto fertilizeris also
dependentoneffectiveweedcontrol,becauseshort-stalkedMVsaremoresubjectto
competitionforsunlightfromvigorousgrowthofweedsencouragedbythehighlevel
of fertilization. Applicationof herbicidesandweed-preventingpractices,e.g.
checkrowplanting,becomeof crucialimportancein accuratemeasurementof the
fertilizeresponserelationships.(Weagainemphasizethatin thisformulationthe
fertilizerinputperhectareshouldberegardedasanindexrepresentingthelevelof
thepackageof inputscomplementaryto fertilizerin realizingtheyieldpotentialof
MVs.) ,
Adjustmentsalongthemetaproductionfunctioninvolvetimeandcosts.The
developmentof fertilizer-responsiveMVs requiresinvestmeptin research.Better
husbandrypracticesmustbedevelopedandlearned.Complementaryinvestmentin
irrigationanddrainagemayberequiredtosecureadequatecontrolof water.It takes
2This sectionrepresentsan updatedversionof Hayami[28]. The materialdiscussedin
thissectionis presentedin greaterdetailin KawagoeandHayami[35]. 3SeeJennings[32]. TheJenningsarticlerepresentstheclassicstatementof thenewcrop-
breedingstrategyfocusingon modelsof biologicallyefficientplanttypes. SeealsoChang[II)
andSwaminathan[61].
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timeto reorientheeffortsof publicagenciesinsuchdirectionsin responsetoprice
changes.It is particularlycostlyandtime-consumingto buildadequateinstitutions
andcompetentresearchstaff.
TheseprocessesmaybeinferredfromTable1,whichcomparesforJapanand
otherselectedcountriesinAsiathepriceof fertilizersrelativetothepriceof riceand
riceyieldperhectareof paddyareaplanted.Thedatainthetableindicate:(a)that
thehigherrice yieldperhectarein Japanthanin SoutheastAsiancountrieswas
associatedwitha considerablyowerpriceof fertilizerelativeto thepriceof rice;
(b)thattherewasaninverseassociationbetweenthericeyieldperhectareandthe
fertilizer-ricepriceratioin the Japanesetime-seriesdata;(c) thatthesubst:tntial
declinein thefertilizer-ricepriceratiosfrom1955-57to 1963-65in otherAsian
countrieswasassociatedwithonlysmallgainsin riceyieldperhectare;(d)thatthe
fertilizer-ricepriceratiosin theSouthandSoutheastAsiancountriesin 1963-65,
theyearsimmediatelypriorto the 'greenrevolution',weremuchmorefavourable
thanthosewhichprevailedin Japanat thebeginningof thiscenturyandearlier;and
(e) thatsignificantgainsin riceyieldperhectarein theSouthandSoutheastAsian
countriesfrom 1963-65to 1975-77werenotassociatedwith furtherdecreases
in thefertilizer-ricepriceratios.
.....
.......
Table I
Fertilizer-RicePriceRatioandRice YieldperHectarein SelectedAdonCountries,
1955-57,1963-65, and1975-77,andinJapan,1883-1962
""".......--
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FERTILIZER INPUT PER UNITOFAREA
Figure1. HypotheticalProcessof theInducedDevelopmentof a ModemHigh.
yieldingVarietyofRice
Source: YujiroHayami(28)
Priceof Priceof Riceyield
Currency fertilizer: rice:per Fertilizer- perha:
Country unit perm.ton m.tonof rice m.tonof
ofnitrogenmilledricea priceratio paddyb
(1) (2) (3) (4) (5)=(3)/(4) (6)
IntercountryComparison
1955-57
India rupee 1,675 417c 4.0 1.3
Philippines peso 962 352 2.7 1.1Thailand U.S.$. 393 79 5.0 1.4
Japan 1,000yen 119 77 1.5 4.8
1963-65
India rupee 1,750 595 2.9 1.5
Philippines peso 1,048 530 2.0 1.3Thailand U.S.$. 229 70 3.3 1.6Japan 1,000yen 97 99 1.0 5.0
1975-77
India rupee 4,541 1,606 2.8 1.9
Philippines peso 3,877 1,687 2.3 1.8Thailand U.S.$. 530 180 2.9 1.8
Japan 1,000yen 134 343 0.4 6.0
Continued-
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fertilizer-ricepriceratio? And, why did rice yieldsin thesecountriesremainatlow
levelsdespitefertilizer-ricepriceratioswhichweremorefavourablein thesecountries
than in Japanat the beginningof this century? The answermustbe soughtin the
time-lagrequiredto movealongthe metaproductionfunction. This time-lagtends
to be extremelylong in situationscharacterizedby lackof adequateinstitutionsand
humancapitalto generatethe flow of new techniques.Apparently,before1960,
the countriesin SoutheastAsia, eventhoughthe fertilizer-riceratio declinedfrom
P to p , could not movefrom A (or D) to B (or E) in FigureI becauseof a lagin0 I
the investmentin the experimentstationcapacitynecessaryto createa newtech-
nology(UI)' Theyseemto havebeentrappedatC (or F). On theotherhand,move-
mentsof their positionsfrom 1963-65to 1.975-77seemto havebeenthe ones
representedby themovementfromC (or F) towardsB (or E).
The dramaticappearanceof theMVs after1965canbeinterpretedin thislight.
The effortsof the InternationalRiceResearchInstitute,theUniversityof thePhilip-
pines Collegeof Agriculture,andthe Bureauof PlantIndustryin thePhilippines,of
the Japaneseplant breedersin Malaysiaunder the ColomboPlan,of the Indian
Council of AgriculturalResearch,and of variousother nationalresearchorganiza-
tionsweredesignedto developfertilizer-responsiveMVs. By the mid-I960s, a
numberof varietiessatisfyingtheserequirements,includingIR-8, C4-63Malinja,
andADT - 27, werebeingreleasedto farmers. It nowseemsclearthattheseinnova-
tionswereinducedby a potentialhighpay-offof investmentin crop-breedingre-
search,thus permittingthe adjustmentfrom C (or F) to B (or E). Indeed,even
though the fertilizer price relativeto the rice price did not declinefurther from
1963-65 to 1975-77, rice yields per hectareincreasedsignificantlyas the result
of MV developmenthat enabledthe movementfrom insideto thesurfaceof the
metaproductionfunction.
Becausethe 'proto-typehigh-yieldingvarieties'werealreadyin existencein
Japan,the UnitedStates,andothertemperatezonerice-producingcountriesbefore
the 'greenrevolution',it was possibleto realizemajoradvancesin potentialpro-
ductivity from a relativelymodestresearchinvestment.A critical elementin the
realizationof the highpay-offto investmentin researchwasdependenton a social
decisionto investin researchratherthanondecisionsmadeby individualfirms. The
farmsoperatedby Asian producersare,exceptin the casesof a few export
commodities,too smallto capturethe gainsnecessaryto pay for researchinvest-
ments.It is onlywhenpublicagencies(orsemi-publicagenciessuchasfoundations)
perceivethis opportunityand allocatefunds for s'Jch researchthat technological
transferor developmentbecomesfeasible.
Declinesin the priceof fertilizerrelativeto the priceof riceduringthe 1950s
and I 960sweretheresultof increasedproductivityin thechemicalfertilizerindustry
in the developedcountries. Theselower costswereinitially transmittedto less
Japan'sTimeSeries
1883-87
1893-97
1903-07
1913-17
1923-27
1933-37
1953-57
1963-67
1973-77
Source:Intercountrydata
FAO: ProductionYearbook,
]
FertilizerAnnualReview,and (Variousissues)
FertilizerYearBook.
Datafor Japan
Kazushi Ohkawaet al. (ed.),Long-termEconomicStatisticsof Japan. Vol. 9.
Tokyo: Toyokeizaishimposha.1966.pp.202-203.
Nobufumi Kayo (ed.). Nihon Nogyo Kisotokei. Tokyo: Norin Suisangyo
Seisankojokaigi.1958.p.514.
Toyokeizaishimposha.BukkaYoran. Tokyo. 1967. p. 80.
Instituteof DevelopingEconomies.OneHundredYearsof AgriculturalStatistics
in Japan. Tokyo. 1969.p.136.
Japan. Ministry of Agriculture,Forestry and Fisheries. Norinsho Tokeihyo.
Tokyo. (Variousissues)
aWholesalepriceat a milledricebasis. Datafor Japanareconvertedfroma brownrice
basisto amilledricebasisassuming10percentprocessingcost.
bDataof Japanareconvertedfroma brownricebasisto apaddybasisassuming0.8for a
conversionfactor.
cPriceatSambalpur,Orissa.
Notes:
It seemsreasonableto inferthattheconsiderabledifferencesin thericeyield
andthepriceratiosbetweenJapanandSoutheastAsiancountriescanbestbeinter-
pretedintermsofthedifferentfertilizerresponsecurvesasshownby UoandUI in
FigureI. Theconsistentrisein thericeyieldperhectare,accompaniedby the
consistentdeclinein thefertilizer-ricepriceratioin thehistoricalexperienceof
Japan,indicatesa processof movementalongthemetaproductionfunction.The
historyof thedevelopmentof Japaneseagriculturaltechnology,includingthedeli-
berateeffortsof veteranfarmersto selectandpropagatesuperiorvarieties,the
vigorousactivitiesin experimentstationsandotherresearch.nstitutions,andthe
remarkableshiftsof ricevarietiesovertime,is clearlyinconsistentwithanassump-
tionofmovementalongafIxedproductionresponsecurve(uo)'
Whenwe examinethe datafor SoutheastAsia,someintriguingquestions
remainunanswered.Whydidriceyieldsperhectarein theSoutheastAsiancountries
increaseso slowlypriorto themid-I960sin spiteof thesubstantialdeclinein the
yen 450 42 10.7 2.6
yen 670 69 9.7 2.6
yen 815 106 7.7 3.1
yen 803 125 6.4 3.5
yen 1,021 277 3.7 3.6
yen 566 208 2.7 3.8
1,000yen 113 75 1.5 4.3
1,000yen 100 85 1.2 5.1
1,000yen 125 305 0.4 5.8
TheGreenRevolution 45
44 Y. Hayamiand V. W.Ruffa"
TECHNOLOGY,POPULATIONPRESSUREAND
INCOMEDISTRIBUTION
land-owningclasses.In contrast,labour-savingandland-usingtechnologicalchanges
contributetogreaterinequality.
Sincethebiological-chemicaltechnologyisgearedto savinglandbyapplying
labourandbiological-chemicalinputsmoreintensively,its diffusionmightbeex-
pectedto contributeto amorefavourableincomedistributioni ruralcommunities.
Nevertheless,thenewseed-fertilizert chnologyhasoftenbeenblamedforbenefiting
landlordsat theexpenseof tenantsandlabourersonthegroundthatlandrentsin-
creasedwhilewageratesstayedthesameorevendeclinedin manyareaswhereMV
andrelatedinputswereintroduced.Theseargumentshaveoftenignoredacritical
factorcoincidingwiththeMV diffusion- thegrowingpressureofpopulationonthe
land.
Duringthe past two decadesthe labourforce engagedin agricultural
productionin countriesin SouthandSoutheastAsiaincreasedatratesof 1.0- 2.5
percentperyear[30,pp.39-40]. Meanwhile,thearablelandareahasincreased
at ratesof about1.0percentor less. Thedeteriorationi theman-landratiohas
beenevenmoreseriousthanimpliedby thedatasincethecultivationfrontierhas
beenexpandedlargelyintomarginal,lessproductiveareas.Classicaleconomistslike
Ricardopredictedthatasthecultivationfrontierexpandsontolower-qualityland
themarginalreturnto additionallabourinputwoulddeclineandthecostof food
productionrise- real-wagerateswoulddeclineandrentswouldrise.If thisprocess
hadnotbeenpartiallyoffsetby theadoptionof land-savingtechnology,incomes
wouldhavefallenfurtheranda largerportionof agriculturalincomewouldhave
accruedtolandlords.
Severalhighlysimplifiedmodelsarepresentedin Figure2toclarifytheeffects
of technologicalchangeandpopulationpressureonwagerates,landrentandfactor
share.5 For thesakeofsimplicity,letusassumeanagriculturalproductionfunction
in whichoutputis producedfromlabour(L) andland(A). Outputmaybecon-
sideredas valueaddedaftercurrentinputsaredeductedandlandasland-cum-
capital.Theupperdiagramsin Figure2 representaggregated mandandsupplyof
labourin themarketandthelowerdiagramstheproductionfunction(f)thatrelates
outputperhectare(q =Q/A) to labourinputperhectareof landarea(1=L/A).
The shapeand the locationof f are determinedby 'technology,broadly
definedto includelandinfrastructuresuchasirrigationanddrainage.Theclassical
assumptionofdecreasingreturntolabourappliedperunitof landisadopted.
CaseI representsonepolarcasein whichthe labourdemandcurve(the
scheduleof marginalproductsof labour)staysconstantatD ,reflectingnoprogress. h 0
10tec nology(fo) whilethelaboursupplyshi~~sfromSoto Slowing to population
growth. Correspondingto a changein themarketequilibriumpoint from A to B,
developedcountriesthroughinternationaltradeandlaterthroughthegrowthof
domesticfertilizerproduction.In mostpartsof Asiacharacterizedbyhighpopu-
lationdensity,theincreaseinpopulationandfooddemandhasresultedin increasing
pressureagainstland.It seemsreasonabletohypothesizethatthepay-offof thecrop
breedingresearchwasenhancedby thecapacityof theMVs to facilitatethesub-
stitutionof an increasinglyabundantfactor(fertilizer)for an increasinglyscarce
factor(land). It seemsvalidto regardtheagriculturalresearchwhichproducedthe
newfertilizer-responsivevarietiesasa responseto adeclinein thepriceof fertilizer
relativeto thepriceof landandto thepriceof rice. In theabsenceof adeclinein
therealpriceof fertilizer,suchresearchmightnothavebeenattemptedand,evenif
attempted,theresultswouldhavebeenincompatiblewithpricerelationshipsamong
factorsandproductsandwouldhavebeensimilartoearlierattemptsto introduce
mechanizationin tropicalriceproduction.Successof researchdependsonwhetherit
is directedto thegenerationof a technologycompatiblewiththemarketpricesthat
reflectproductdemandandfactorendowmentsof theeconomy.
It seemsapparent,fromthematerialreviewedintheprevioussection,thatthe
developmentanddiffusionofmodernvarieties(MVs)ofriceandwheatin thetropics
sincethelate1960swerehighlyappropriatewhenevaluatedin termsof theresource
endowmentsof thecountriesin whichthenewtechnologywasintroducedand
adopted.
Introductionof themodernseed-fertilizertechnologyhasnot,however,been
withoutcontroversy.Criticshavearguedthatthegainsin productionhavebeen
offsetby lossesin equity- thatthenewtechnologyhasbeenbothsubversiveof
traditionalinstitutionsandregressivein itsimpactonruralincomes.4
In ruralcommunities,themajorsourceof inequalityin incomedistributionis
the inequitabledistributionof landownership,whichoftencorrespondsto the
inequitabledistributionof operationalholdings.If theshareof agriculturalincome
accruingto labourincreases,the incomepositionof tenantsand agricultural
labourersimprovesrelativeto landlordsandowner-cultivators.Thereverseholdsif
the incomeshareaccruingto landincreases.Therefore,land-savingandlabour-
usingtechnologicalchangesthatraisetheeconomicreturntolabourelativetoland
havetheeffectof equalizingtheincomedistributionbetweenthelandlessandthe
4Theseconcemswereexpressedin Wharton(62), Johnston andCownie [34], Falcon
(20), and Palmer (48). More radicalviewswereexpressedin Frankel (22), Cleaver[15],
Fatemi (21), Griffin (27), andLappeandCollins (41). Theimpactof thegreenrevolutionon
incomedistributionin Pakistanhasbeenvigorouslydebated.SeeKhan (36), Chaudhry[13),
Khan (37), andChaudhry(14).
SThesearedevelopedmorefully in HayamiandKikuchi [30,pp.49-52).
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thewageratedeclinesfromw0 (OW0) to wI (OWI) andthelandrentalraterises
fromro to rl' If theincreasedlabourisappliedto thefixedproductionfunction
(fo)ata zoneof decreasingreturnto laboursuchthattheelasticityof substitution
of labourfor landislessthanone(Le.lessthana I-percentincreasein thelabour-
landratioresultsfroma I-percentdecreasein thewage-rentratio),therelative
incomeshareof labourdeclinesfrom(wolo/qo)to (wIII/ql)' If thelabourappli-
cationperhectarecontinuesto increase,apointwilleventuallybereachedbeyond
whichtheelasticityof factorsubstitutionbecomeso smallthatlabour'sincome
declinesabsolutelycorrespondingtoanyfurtherincreaseinlabourinput.
CaseII representsanotherpolarcase. Letusassumethatthelaboursupply
remainsconstantatSoandthelabourdemandshiftsfromDoto DI' reflectingthe
upwardshiftin theproductionfunctionfromfoto fl, Correspondingtothechange
in marketequilibriumfromA to B, thewageraterisesfromw0 to WI andthe
absoluteincomeof labourfrom(w010)to (will)' Whethertherelativeincome
shareof labourimprovesor notdependsonthenatureof theshiftin theproduction
function.Therelativeshareof labour(wl/q) increasesif theproductionfunction
shiftsin sucha wayasto increasethelabour-landratio(l =L/A) for aconstant
rent-wageratio(r/w)atcompetitiveequilibrium- the'land-savingandlabour-using
technologicalchange'intheHicksdefinition.
In therealworld,boththedemandfor andthesupplyof labourshiftsimulta-
neously.However,in manydevelopingcountriestheshiftin thesupplyof labour
dueto rapidpopulationgrowthhasoutpacedtheshiftin demandforlabourdueto
technologicalprogress.Theresulthasbeenadeclinein therealwagerate.In sucha
situation,theincomedistributionwouldbecomemoreskewed,becausetherateof
returnto land(r)wouldriserelativeto thatoflabour(w)andanincreasingshareof
incomewouldbecapturedbytheland-owningclass.
Simpleeconomicstellsusthattheincomeandthelevelof livingof therural
poorindevelopingcountries- landlesslabourersandtenantswhoseincomesconsist
mainlyof earningsfromtheirlabour- willcontinuetodeclinebothabsolutelyand
relativelyunlesssomecombinationof land-savingtechnicalchange,growthin
demandfor agriculturalcommodities,andnon-farmdemandfor labourresultsin
amorerapidgrowthin demandfor labourthanthegrowthin thesupplyof labour
in ruralareas.
Thisdoesnotimplythateverychangein technologyisbeneficialtothepoor.
Thereis a typeof technologicalchangewhichreduceslabour'sincomebydisplacing
labourby machineryandherbicides.Suchtechnologicalchangeis 'labour-saving'
in theHicksiansense.In termsof theright-handiagramof Figure2,labour-saving
(andland-using)technologicalchangeis representedby a shiftin theproduction
functionin sucha wayasto reducethelabour-landratio(l =L/A) fora constant
rent-wageratio(r/w). If a technologicalchangeis of thelabour-savingtype,the
"
......
:I <II
0 :I §,&j 0" ,&j
...J
"...J
rS I .: I -=
Q
'0C" ;!
01C
...
.c
-
c:I.
f" =01- e0'" Q
a.§
51 .......=
>-c :;
8'.2 §--8
0'0 .2 c:l.Qc-:I ... -c:Z::uQ. .. .........0 0 1 ;... 0'o-Q. <II... .,.,01 i 0 0 § s:i.0 0 6
Q; ....
:s
.2 'SOa :Ir;!i
i:: Q Q ::0::I Q
.8
0
,a..J '"0 .,...J os
::P1
E-o Q '0
.... § a
'0
Q
c C ... =
.
0 ... Q
... - CJ .... >,c --,-------- -= '"001 I ::c..c I """'.- I 'c 0
g Vi I .!i! <II'" .!::I f .c.!!a .S'Uu E-oQ ....
>-.1:
2'g
0...J M
0'';:: 0;
cO 0
'3 ... .UQ. '0
...... ;:s
"'0 rS50-Q.
...; ... S-:I'" 0 00
48 Y. Hayamiand V. W.Ruttan
relativeincomeshareof labour(wl/q)declines.It is theoreticallypossiblefor the
labour-savingbiastobesostrongthattheabsoluteincomeof labourwilldecline.
GREENREVOLUTIONCONTROVERSIES6
Fromthediscussioni thepreviousectionit shouldbeclearthatthedevelop-
mentof biological-chemicaltechnologydesignedto increaseagriculturaloutputper
unitof landareaisacriticalfactorin offsettingtendenciestowardsaworseningof
incomedistributionin theruralsectorin responsetogrowingpopulationpressureon
land. WeidentifytheMV technologyasonesuchtechnology.Yet,sincetheinitial
introduction,oftenheraldedasthe'greenrevolution',theMV technologyhasoften
beenviewedasthesourceof greatinequitiesin incomedistributionandasasource
ofpolarizationi ruralcommunities.
Thecriticsof the'greenrevolution'havearguedthatthenewtechnologytends
to bemonopolizedby largefarmersandlandlordswhohavebetteraccessto new
informationandbetterfinancialcapacityeventhoughMVsandrelatedinputsare
divisibleand,hence,applicabletosmallfarms;thatsmallfarmersareunableto use
MVs efficientlybecausecreditconstraintmakesit difficultfor themto purchase
cashinputssuchasfertilizersandchemicals;thatmonopolyof thenewtechnology
by largefarmersenablesthemto usetheirprofitsto enlargetheiroperationalhold-
ingsby consolidatingsmallfarmers'holdings~andthatas farmsizeincreasesit
becomesprofitableto purchaselarge-scalemachineryandreducethecostof labour
management.Theeffectis to reduceemploymentopportunitiesandlowerwage
ratesforthegrowingnumberof landlessworkers.7
Howvalidis thesuggested.sequence?Hastheadoptionof MV technology,
in fact,tendedto bedominatedbylargeholders?Doesthetechnologymakelarge-
scaleoperationsrelativelymoreefficientandprofitable?DoestheMV technology
inducemechanizationa dreduceemploymentandearnings?Thosearetheissues
thatmustbeexaminedwithempiricaldata.
WasMY TechnologyMonopolizedbyLargeFanners?
Theavailablevidenceindicatesthatneitherfarmsizenortenurehasbeena
seriousconstrainton theMV adoption.Thedataon adoptionof modernwheat
varietiesfromPakistan,presentedin Table2,arefairlytypicalof thedataavailable
fromotherareaswhereMVsaretechnicallywelladapted.Essentially,similaresults
havebeenreportedfor wheatin India,ricein India,Indonesia,Malaysiandthe
Philippines,andmaizeinKenya.8
6ThissectiondrawsheavilyonHayami[29],HayamiandKikuchi[30,pp.52-59],and
Ruttan[52].
7Seethereferencesin footnote4.
8SeeSen [53, pp. 32-54), Mangahaset al. [46, pp. 23-43), Mangahas(45), Soejono
[58;59), Gerhart[23], andGoldmanandSquire[25]. For a morecompletereviewof literature
on theincomedistributioneffectsof theMV technologyin SouthAsia,seeSingh[57).
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Table2
Mexican-typeWheatAcreageasPercentageof all WheatAcreage,
by Sizeand Tenureof Holdings:1969-70post-monsoonseason
in Lyallpur,Sahiwal,andSheikhupuraDistricts,Pakistan
Source:K.M. Azam[1,p. 408).
Originalsource:Governmentof thePunjab,PlanningandDevelopmentDepartment,Statistical
SurveyUnit, FertilizerandMexicanWheatSurveyReport(Lahore,1970)p. 38.
Thisis not to denythattherearecasesin whichsmallfarmerslaggedsignifi-
cantlybehindlargefarmersin theMV adoption.Onesuchcasewasfoundinarice
villagein AndhraPradesh,India,coveredbyaninternationalprojectco-ordinatedby
IRRI to studythechangesof ricefarminginselectedareasofAsia[49]. Thisvillage
wascharacterizedby extremelyskewedfarm-sizedistributionand,for thatreason,
maybetakenasevidencein supportof thehypothesisthattheintroductionofMV
technologyintoacommunityin whichresourcesaredistributedin ahighlyinequi-
tablemannertendstoreinforcetheexistinginequality.
However,thisvillageca!ieisanexceptionratherthananorm.It wastheonly
village,of the36villagesstudiedbytheproject,whereasignificantdifferentialin the
MV adoptionamongfarm-sizeclasseswasobserved.Ontheaverage,smallfarmers
adoptedtheMV technologyevenmorerapidlythanlargefarmers(seeupperdiagram
of Figure3). Thepatternof MV diffusioncontrastssharplywiththepatterninthe
diffusionof tractorsin whichlargefarmersachievedadistinctlyfasterandhigher
rateofadoption(lowerdiagramof Figure3).
Did theMY TechnologyMakeLargeFannsMoreEfficient?
Thereis nowalargebodyof evidencethatsuggeststhatsmallfarmsmakemore
efficientuseof availablelandthanlargefarms.9 Smallfarmsapplyhigherlevelsof
labour input, particularlyfamily labour,per unit of land. And theyaregenerally
9Theliteratureon therelationshipbetweenfarmsizeandproductivityhasbeenreviewed
by BerryandCline(7).
--.J
Numberof Owner Owner-cum- Tenant
AcresinHolding Holdings TenantsHoldings Holdings
All Holdings
Lessthan12* 71.0 80.4 66.7 72.5
12*to25 63.3 71.7 69.2 68.0
25to50 71.9 92.7 81.9 82.0
50 73.2 87.3 57.3 78.6
Allsizes 69.4 80.5 70.0 73.4
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TRACTOR
characterizedby higherlevelsof livestockintensitythanlargefarms.Amongthe
morecarefullyconductedstudiesis SurjitSidhu'studyof theadoptionofmodern
wheatvarietiesin theIndianPunjab[55], HeshowsthattheMV wheatrepresented
aneutraltechnologicalchangewithrespectto farmscale:bothsmallandlargefarms
achievedapproximatelyequalgainsinefficiency.to
A studybyAzam[1,p,418]inPakistaninterpretsthedatafromthePakistani
Punjabto indicate'that,whilethesmallerfarmersdofacemoresevereconstraintsof
irrigationwaterandcredit,thedifferencein theseverityof theseconstraintsi not
seriousenoughto havecausedanysignificantdifferencesin theyieldsobtainedby
thesmallfarmersandthelargefarmes.'llSimilaresultshavebeenreportedforrice
fromthePhilippinesbyMangahasetal. [46],andfromIndonesiabySoejono[58].
Again,therearecasesin whichdifferentialproductivitieswererecorded.
However,theyseemto be the exception,For example,amongthe32 villages
throughoutAsiacoveredby the IRRI-coordinatedproject,significantdifferences
in riceyieldsperhectarebetweenlargeandsmallfarmerswererecordedin only8
villages[31,p.96],
A majorpuzzleis why, in viewof theevidence,plannersandofficialsin
developingcountriesandofficialsin nationalandinternationaldevelopmentassis-
tanceagenciesremainskepticalaboutheefficiencyofsmallfarms.Onereasonmay
bethatasa countrydevelopsandtheopportunitycostof labourrises,thespecial
efficiencyadvantageof smallfarmstendsto disappear.It thusbecomesnaturalto
associatelargefarmswithahigWydevelopednationaleconomy.
MODERN VARIETIES
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DidtheMY TechnologyPromoteMechanization?
ThepopularperceptionthattheMV technologystimulatestheintroduction
of labour-displacingmachineryhasnotbeenborneoutbycarefulanalysis.Thedata
in Figure3 indicatethatincreasesin theadoptionof tractorsbylargefarmersbegan
earlierthantheintroductionof MVs. Nor wasthereanyindicationthattractor
adoptionwasacceleratedby thedramaticdiffusionof MVs fromthelate1960s
totheearly1970s.
Muchof thegrowthin theuseof tractorsin SouthandSoutheastAsiacanbe
attributedtodistortionsinthepriceofcapitalbysuchmeansasovervaluedexchange
[,0
1968 1969 1970 1971 1972
Source: [31, p, 91]
lOSidhu[55, p. 746] concludes,"(1) that smalland largewheatproducingfarmshave
equalrelativeeconomicefficiencyandequalrelativepriceefficiencyand(2) thattractor-operat-
edandnon-tractoroperatedwheatproducingfarmshaveequalrelativeeconomicefficiencyand
equalrelativepriceefficiency.. . .This impliesthatthesefarmsalsohaveequaltechnicalefficien-cy,"
11
For a more-recentassessment,seeChaudhry[12]. AlsotheexchangebetweenChaudhry
andKhanreferredto in footnote4.
Figure3. CumulativePercentageof Fannsin ThreeSizeClassesadoptingModem
VarietiesandTractorin30VillagesinAsia
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ratesandconcessionalcreditsfromnationalgovernmentsandinternationallending
agencies[5;44; 17]. Also,theeaseof supervisingtheoperationof onetractor-
cum-operatorrelativeto thatof supervisinga largenumberof labourersandbullock
teamseemsto haveworkedasastronginducementtotractorizationonlargefarms
[8]. Thisfactorshouldhavebeenespeciallyseriouswh,ereregulationof landrent
andtenurearrangementsdepressedtheincentiveof largeland-ownersto rentout
theirholdingsinsmalloperationalunits.
Table3.
Percentof FarmsAdoptingMV andTmctorsand Useof LabourMan-days
perHectarefor RiceProductioninLaguna,Philippines:1966-75 WetSeasons
DidtheMY TechnologyReduceLabourEmploymentandEarnings?
An extensivereviewof theliteratureby Bartsch[6] indicatesthattheintro-
ductionof MVs into traditionalwheatandriceproducdonsystemshastypically
resultedin substantialincreasesinannuallabourutilizationperunitofcroppedarea,
andin somecases,in highercroppingintensity.12 Similarly,dataassembledby
BarkerandCordova[4] fromvariousareasin Asia showthatlabourinputper
hectareof ricecroppedareawashigherfor MVs thanfor traditionalvarietiesby
10-50percent.
Sidhu'seconometricnvestigation[54]indicatesaverysubstantialshifttothe
rightof thelabourdemandfunctiononwheatfarmsin IndianPunjabasaresultof
the introductionof MVs. Similarresultswereobtainedby both Rao[51] and
Staub[60].
Increasesin labouruseassociatedwithMVs wereoftenrealizeddespitethe
concurrentprogressin mechanization.Thedataon labourusein riceproduction
fromLagunaprovincein thePhilippines,aspresentedin Table3,aretypicalof this
process.Thisprovincexperiencedrapiddiffusionof bothmodernricevarietiesand
tractors. Labourapplicationfor landpreparationwasreducedby tractorization,
but thereductionwasmorethancompensatedfor by increasesin labourusefor
weedingandothercropcare.
Theeconometrictestby Sidhu[55]onPunjabwheatproductionshowsthat
thenewtechnologywasneutralwithrespecto factoruse,implyingthatlabour's
incomerisesproportionallywiththeincomesaccruingtolandandcapital.A similar
studyby RanadeandHerdt[50] on ricein thePhilippinesuggestshattheMV
technologyisbiasedin theland-savingdirection.
However,severalotherstudieshowthatthelaboursharedeclinedandtheland
shareof incomeincreasedovertheperiodofMV diffusion.Jha'sdata[33]indicate
12TheBartschanalysis[6] indicatesthatin wheatproduction,underawiderangeof tech-
nologiesrangingfromprimarydependenceonhumanlabourto fully mechanizedproduction,the
shift from traditionalvarietiesto high-yieldingMVs led to increasedlabourinputsperhectare.
Whenthis shift to MY technologywasaccompaniedby a simultaneoushift to a fully mecha-
nizedtechnology,labourinputperhectaredeclined.In all casesoutputperunitof labourinput
rose.
that the shareof land rose in India between1960-61and 1970-71. Data
assembledby MellorandLele [47] indicatethata disproportionatelysmallper-
centageoftheincreasedoutputduetoMV adoptionwasallocatedtolabour.
The dataon relativeshiftsin factorsharescannotbeinterpreted,without
furtheranalysis,to indicatethatland-ownershavegainedrelativeto tenantsand
labourersfromtheadoptior.of the higher-yieldinggrainvarieties.Considerable
confusionhasresultedfromneglectof thefactthatwhiletheincomeshareof land
increased,asJha'sdataclearlyshow,not onlydidtechnologychangebut labour
supplyincreased.Asthemodelin Figure2illustrates,if thelaboursupplyincreases
fasterthanlabourdemand,it is possiblefor thefactorshareof landto riseeven
if thetechnologicalchangeitselfwasbiasedin the land-savingandlabour-usingdirection.
Mostof thedatathat indicateda risein theshareof land,suchasthat
presentedby MellorandLele [47],wereobtaineduringtheinitialstagesof MV
adoption.MVsaccountedfor onlyasmallpercentageof theareacultivatedandof
output.Therewas,therefore,onlyamodestshiftinaggregatewheatorriceproduc-
tionor in aggregatefactordemand.In suchasituation,earlyadopterswereableto
capturelargeexcessprofits(Schumpeteriane trepreneurialprofit)fromtheuseof
moreefficientechnologywithoutforcingdownproductpricesorbiddingupfactor
pricesappreciably.However,asthetechnologydiffuseswidely,innovators'excess
1966 1970 1975
MV adopters(%of farms)a 0 76 94
Tractoradopters(%of farms)a 26 71 90
Averagepaddyyield(t/ha) 2.5 3.4 3.5
Labourinput(man-days/ha)
Landpreparation 18.7 11.1 9.0
Transplanting 10.2 10.2 10.9
Weeding 13.8 17.8 31.3
Otherpre-harvestoperations 9.4 14.8 20.2
Harvestingandthreshing 31.6 33.6 31.6
Post-harvestoperations 4.4 5.4 3.4
Total 88.1 92.9 106.4
Source:R.BarkerandV.G.Cordova[4,pp.120& 127].
aAveragesforwetanddryseasons.
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profitwill belostasproductandfactorpricesmovetowardsanewequilibrium.In
thelongrun,therelativeshareof labourwill returnto thesamelevelasbeforethe
introductionof MV if MV representsaneutraltechnologicalchange.It willbecome
largerif thetechnologyis biasedin theland-savingandlabour-usingdirection.This
sequenceis supportedbyanumberofstudies.Forexample,astudybyBardhan[3]
in NorthIndiaatthebeginningofMV diffusionindicatednosignificanteffectof the
'greenrevolution'on thedemandforrural labour.However,ananalysisbyDeepak
Lal [40]in thesameregionfor a laterperiodshowsclearlythatasMV usediffused
morewidelytheneteffectof theresultingincreasein labourdemandwasa signifi-
cantrisein therealwageratesin thePunjabandotherpartsofNorthIndiaatatime
whenrealwagerateswereconstantor decliningin otherpartsof IndiawhereMV
diffusionwaslimited.
Howdoweinterprethecriticalassessmentsof theincomedistributioneffects
of thegreenrevolutionin viewof thefindingsreportedin thissection?First,it is
apparenthatmanyof thecriticalassessmentsthatweremadeduringtheinitial
yearsof thegreenrevolutionwerebasedon limiteddataand,in somecases,an
excessivelycasualapproachto analysisof thedatathatwereavailable.Secondly,
therewasa generalfailureto understandthattheimpactof a technicalchangeon
incomedistributionis a functionof boththecharacterof thetechnologyandthe
economicandinstitutionalenvironmentintowhichit wasintroduced.Thereis as
yetnoevidencethattheHYV technologyisheavilybiasedagainstlabourandthereis
substantialevidencethatin mostareaswhereit hasbeenadoptedit hasincreased
thedemandfor labour.13Andthereis agrowingbodyof evidencethattheimpact
onproductionandon labourdemandhasspilledoverintoapositiveimpactonthe
qualityof lifein ruralvillages.
In hisPunjabvillagestudy,for example,Leaf[42,p.268]notesthatfarmers
now"growmoreperhectare.. .andmorepercapitaoverall.Asmeasuredbyfood,.
medicalcare,educationalfacilities,andhousing,therehavebeensubstantialimprove-
mentsin generalwelfare.. . . thegainshavegoneatleastasmuchto thepoorer
villagesasto thewealthier. . . thepoorerfamiliesareremainingin thevillageand
findingworkandimprovinglivingconditions. . . theyareableto sendincreasing
numbersof theirchildrento school.. .. Thewealthierfamilieswhohavealready
investedmorein education. . . aresendingmembersout. . . . towhite-collarand
othertypesofservicemployment.. . .,,14In addition,theMV technologyandthe
increasedagriculturalincomeresultingfromitsadoptionhavehadtheimportant
effectof creatingnon-agriculturalemploymentopportunitiesthroughincreased
demandfornon-agriculturalgoodsandservicesbytheagriculturalsector[47;43].
TOWARDSGROWTHWITH EQUITY
13A limitationof mostof the studiesthat are currentlyavailableis that they tendto
employa microeconomicpartial-equilibriumanalysis.A seriesof sector-levelgeneral-equilibrium
econometricstudiesis now underwaywhichshouldprovidemoredefmitiveresultsthanarenow
available.For a preliminaryreport,seeEvenson[18; 19].
14SeealsoBlyn [10].
Ourexaminationof therelationshipbetweentechnologicalchangeandincome
distributionsuggeststhatthe commonlyassumedtrade-offbetweengrowthand
equityappearsto be morerelevantas an issuefor ideologicaldebatethanasa
descriptionof contemporarydevelopmentexperience.Thedevelopmentanddif-
fusionof newtechnologythatis consistentwithfactorendowmentsareanecessary
conditionfor agriculturaloutputandproductivitygrowth. Thenewtechnologies
thatmeethetestofefficiencyandproductivityarealsothetechnologiesmostlikely
toadvanceequityobjectives.
In theagricultureof developingcountries,in whichlandis becomingincreas.
inglyscarceandexpensiver lativeto labouraspopulationpressureincreasesagainst
landresources,thedevelopmentof biologicalandchemicaltechnologiesisthemost
efficientway of promotingagriculturalgrowth. Technologicalprogressof this
type tendsto makesmall.scaleoperationsmoreefficient.It therebyinduces
anagrarianstructurecharacterizedby aunimodaldistributionofsmallfamilyfarms
ratherthanabimodaldistributionconsistingof largecommercialfarmersandlarge
numbersof landlessornear-landlesslabourers.Moreover,becausesuchtechnological
progresstendsto begenerallybiased,or atleastneutral,towardslabouruse,it helps
tocounteracttheeffectofpopulationpressureonlandrentandwages.
Technologicalprogress,by definition,resultsin a downwardshiftin thecost
curveanda shift to therightin theproductsupplycurve.In developedmarket
economies,whereproducerssella largeshareof theiroutputinthemarket,heshift
to therightin supply,whenconfrontedwiththeinelasticdemand,causesa dispro-
portionatelylargefall in productprices.Theeffectis to transferthegainsfrom
technicalchangefrom producersto consumers.However,whentechnological
progressoccursin a semi-subsistencee onomywhereproducersconsumea large
fractionof theirproduce,a significantportionof consumers'urplusremains'With
producers.Thegainin consumers'urplusmaymorethancompensatefor theloss
in producers'urplus.Theproducers'gain,in theformof consumers'urplus,is
proportionatelylargerfor smallfarmerswhoconsumealargershareof theirproduc-
tion thanlargefarmers.Thus,whilelargecommercialfarmersmaylosefromthe
declinein productprices,smallsubsistencefarmersaremorelikelyto sharethe
benefitfromtechnologicalprogress.
The developmentof moreproductivebiologicalandchemicaltechnologies
capableof offsettingtheeffectofgrowingpopulationpressureappearstobeaneces-
saryconditionfor thesimultaneousachievementof bothgrowthandequityin
developingcountriestoday.If developingcountriesfailtoachievesufficientlyrapid
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technologicalprogress,greaterpovertyandgreaterinequityin ruralareaswillbethe
inevitableresult.As thegrowthof populationpressesagainstlimitedlandresources
underexistingtechnology,thecultivationfrontierisforcedontomoremarginalland.
Morelabourmustbeappliedperunitof cultivatedlandwiththeresulthatthecost
of foodproductionincreasesandfoodpricesrise. Thelong-runeffectwill bethe
reductionof wagesto asubsistencelevelwiththesmallsurplusesthatareavailable
capturedbylandlordsin theformof landrent.
It is clearthatanecessaryconditionforescapefromtheRicardiantrapisland-
savingandlabour-usingtechnicalchange.However,evenif suchtechnologyis
developed,itscontributionsto growthandequitywillbesmallif it doesnotachieve
rapiddiffusion.If it is confinedto a fewregionsor if adoptionis limitedto afew
largefarmersin eachvillage,theaggregateproductsupplyandtheaggregatelabour
demandwill notshiftappreciably.Therewill beonlya limitedimpactonproduct
pricesandwagerates.Theadopterswillcontinuetoenjoyinnovators'excessprofits,
or bidtheprofitsintohigherlandprices,butthelandlesspopulationwillnotbeable
to sharein thebenefitsof technologicalprogressin theformof higherwagesand
lowerfoodprices.
The MV technology,enthusiasticallyheraldedasthe 'greenrevolution',has
oftenbeenregardedasasourceof inequityin ruralincomes.Thisviewisgenerally
inconsistentwith the greenrevolutionexperience.TheMV technologydiffused
rapidlyamongfarmersirrespectiveof farmsizeandlandtenurein theareaswhere
the technologywas superiorto traditionaltechnology.Thereare,however,
numerouscaseswhereadoptionby smallorpoorfarmerslaggedsignificantlybehind
thelargeorwealthyfarmersin theadoptionof MV andrelatedinputs.Suchcases
arelargelya reflectionof institutionalratherthantechnicalbias.In suchsituations,
institutionalreformsarenecessaryin orderto partitionequitablythenewincome
streamsgeneratedbyanappropriatechnology.
Grabowski[26,pp.180-181]haslistedthenecessaryeforms:
Researchactivitiesmustbedirectedatdevelopingewseedsforthemajorityof
farmerswholackirrigation.Researchactivitiesneedtobeorientedtowardimproving
cultivationpracticesandirrigationtechniquesin orderto increasecroppingintensity.
Creditmustbemadeavailableto allowfarmerswithsmallfarmsto irrigatetheirland
andthusincreasetheircroppingintensities.. . . Largerfarmers'privilegedaccessto
machinerymustbeeliminated.. . .. Alloftheserequireanincreaseinthepowerand
influenceof farmerswithsmallfarms,relativetothosewithlargefarms,ongovern-
mentdecisionsconcerningagriculturalresearchandcreditpriorities. Thiscould
possiblybeaccomplishedthroughlandreformsor,alessradicalsolution,theorganiza-
tionof smallfarmersintogroupswhichcouldputpressureongovernmentagenciesto
recognizeandrespondtotheinterestofsmallfarmers.
Thesereformsareclearlydesirable.Butwhataretheconditionsthatmake
themeconomicallyandpoliticallyviable? It is a commonobservationthat in a
societycharacterizedbyextremebiasineconomicandpoliticahesourcesiti difficult
to designinstitutionalreformsthatarebiasedagainstthosewhopossesssubstantial
economicandpoliticalresources.A disproportionateshareof institutionalcredit
andsubsidizedinputswill, insuchsituations,bedirectedintothehandsof thelarger
farmers.Landreformprogrammesarelikelyto leadto evictionof tenantsand
conversionof landusefromlabour-intensivecropssuchasricetoextensivecrops
suchascoconuts.It is exceedinglydifficulttodesigninstitutionsthatareneutralor
biasedtowardsthepoorinasocietycharacterizedbyextremeinequalityineconomic
resourcesandpoliticalpower.
A releventquestion,giventheextremeinequalityinwealthandpowerinmany
developingcountries,is whetherthe developmentof the 'greenrevolution'tech-
nologyshouldbewithheldbecauseof itspossibleadverseeffectonincomedistribu-
tion. Eventhemostseverecriticsof thegreenrevolutiontechnologyhaveseldom
beenwillingto advocatesucha policy.MV technologyhasbeendiffusingin Asia
withsufficientspeedtoshifttheproductdemandandthelaboursupplysignificantly.
Therehavebeensubstantialgainsto bothproducersandconsumers.Intheabsence
of thenewtechnology,manydevelopingcountrieswouldhavemovedseveralsteps
closerto theRicardiantrapof economicstagnationandgreaterstressoverthedis-
tributionof income.Theconclusionthatshouldbedrawnfromthisexperienceis
notthatgrowthasbeen'immiserizing'butthatstagnationhasbeen[56].
A furtherreasonfor encouragingthedevelopmentanddiffusionof newbio-
logicalandchemicaltechnologies,evenin societiescharacterizedby inequitable
distributionof economicandpoliticalresources,is thatthenewincomestreams
generatedbytechnicalchangerepresentapowerfulsourceofdemandforinstitutional
change.Theearlycriticsof theMV technologiestendedtoemphasizetheregressive
natureof theseinstitutionalchanges.Butit nowseemsclearthatinmanycountries
thepotentialgainsfromthenewtechnologyhavegeneratedeffectivedemandfor
thereformof factorandproductmarketinstitutions.Thegainsfromthenew
technologycanbefullyrealizedonlyif landtenure,watermanagement,andcredit
institutionsperformeffectively.Marketsfortheinputsinwhichthenewtechnology
is embodied- theseeds,fertilizer,andpesticides- mustperformefficiently.Prod-
uctmarketsin whicheitherthedpmesticor internationaltermsof tradearebiased
againstfood or exportcommodityproducersfail to generatethepotentialgains
fromnewtechnology.Inasocietyinwhichmarketablesurplusesaresmallandtech-
nologyis static,therearefewgains,eitherto producersor consumers,fromthe
reformof marketinstitutions.Butwhenrapidgrowthof production,andofproduc-
tivity,becomespossible,thegainsbecomelargerandtheincentivesthatactto induce
institutionalreformsbecomemorepowerful.
Wedonotargue,of course,thatthedialecticalinteractionbetweentechnical
andinstitutionalinnovationalwaysfunctionsto enhancebothgrowthandequity.
Kuznetsand othershavedocumentedthe tendencyfor incomedistributionto
worsenduringtheinitialstagesofdevelopment[39;2]. Thepotentialgainsfrom
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